Oxidative cyclization of D-fructose thiosemicarbazones to 2-amino-5-(D-arabino-1,2,3,4-tetrahydroxybut-1-yl)-1,3,4-thiadiazoles through carbon-carbon bond cleavage of the sugar chain.
Condensation of D-fructose (1) with thiosemicarbazide or 4-phenylthiosemicarbazide gave the corresponding D-fructose thiosemicarbazones (3a and 3b). The latter compounds underwent oxidative cyclization with 10% ethanolic ferric chloride to give mixtures of 2-amino-5-(D-arabino-1,2,3,4-tetrahydroxybut-1-yl)-1,3,4-thiadiazole (6a) and 2-amino-5-hydroxymethyl-1,3,4-thiadiazole (5a) from 3a and the corresponding 2-phenylamino compounds 6b and 5b from 3b. These products were formed as a result of cyclization of the thiosemicarbazone entity accompanied by C-1-C-2 or C-2-C-3 bond cleavage of the sugar chain. Structures of the 1,3,4-thiadiazole acyclo C-nucleosides 6a and 5b were confirmed by comparison with the unequivocally prepared compounds obtained by the dehydrogenative cyclization of D-arabinose thiosemicarbazones 11a and 11b with ethanolic ferric chloride. Structures of the 5-hydroxymethyl-1,3,4-thiadiazoles 5a and 5b were also confirmed by comparison with 5a and 5b unequivocally prepared by periodate cleavage of the alditolyl chain of 6a and 6b followed by reduction of the resulting aldehydes 8a and 8b with sodium borohydride. Compounds 6a and 6b were further characterized as their acetates 7a and 7b and were found to exist in the extended planar zizag conformation 13. Condensative cyclization of the D-arabinose thiosemicarbazones 11a and 11b by boiling with acetic anhydride afforded the 1,3,4-thiadiazoline acyclo C-nucleoside acetates 9a and 9b which exist in the sickle (bent) conformation 14. De-N- and de-O-acetylation with concomitant aromatization of 9a and 9b with 10% ethanolic FeCl3 gave the 1,3,4-thiadiazole acyclo C-nucleosides 6a and 6b. The assigned structures were corroborated by 2D 1H-1H HOMCOR and 2D 1H-13C HETCOR NMR spectroscopy.